Among 28 mycobacterial species studied, only Mycobacterium tuberculosis, M . bovis, M . africanum, M . rnarinum, M . kansasii, M . gastri and M . ulcerans produced waxes yielding longchain P-diol components (called phthiocerol and companions) and polymethyl-branched fatty acids on saponification. The same mycobacterial species also produced diesters of phenol phthiocerol and companions. Fatty acids esterifying these fatty alcohols in M . marinum and M . ulcerans were found to belong to the phthioceranic series (dextrorotatory fatty acids), in contrast to those of the other species (laevorotatory fatty acids called mycocerosic acids), both groups having the same chain length and methyl-branched positions. M . kansasii and M . gastri contained the same waxes with identical structures, as did M . tuberculosis, M . bovis and M . africanum. Neither the type strain of M . tuberculosis, nor that of M . bovis or M . rnarinum accumulated the strain-specific phenolic glycolipids.
INTRODUCTION
Mycobacteria are highly distinctive in that they synthesize unique lipid components (see Minnikin, 1982; that are involved in the structure and function of the cell wall and membranes. The 'waxiness' of mycobacteria due to their high lipid content (Minnikin, 1982) was recognized long ago, and probably plays a role in their resistance to chemical or enzymic injury when the bacteria are within host tissue (see Ratledge, 1982) . A characteristic group of mycobacterial waxes is composed of long-chain diols, the phthiocerol family (compounds 1-111, Fig. l) , originally found in the saponification products of Mycobacterium tuberculosis (Demarteau-Ginsburg et a/. , 1953 ; Asselineau, 1954 ; Noll, 1957 ; Dobson et a/., 1985) . An aromatic derivative, structurally related to phthiocerol, called phenol phthiocerol (compound IV, Fig. 1 ) is the basic core of characteristic phenolic mycosides found in M . bovis (Demarteau-Ginsburg & Lederer, 1963) , M . kansasii (Gastambide-Odier et a/., 1965; Gastambide-Odier & Villk, 1970; Fournik et al., 1987) , M . marinum , M . leprae (Hunter et a/., 1982; Hunter & Brennan, 1983) and M . tuberculosis (Daffk et a/., 1987) . Phenol phthiocerol is also present in a socalled 'attenuation indicator lipid' (Goren et a/., 1974) . A ketonic analogue (compound VI, Fig.  1 ) was found in M . ulcerans (Daffk et a/., 1984) and occurs as a minor component in phenolic mycosides . In both classes, the P-diol is diesterified by polymethyl-branched-chain fatty acids. We have shown that the fatty acids found in M . ulcerans have an absolute stereochemistry opposite to that of the fatty acids isolated from the waxes of M . tuberculosis (Daffk et a/., 1984) . In this study, the distribution and the structures of these waxes in 28 mycobacterial species have been investigated with special reference to the stereochemistry of the fatty acid moiety. 
METHODS

Strains and cultivation.
The origin of some of the mycobacterial strains listed in Table 1 was described previously (Daffb et al., 1983) . Additional strains were kindly supplied by H. David (Institut Pasteur, Paris, France); M . leprae was obtained from organs of armadillos experimentally infected as previously reported . Bacteria were grown on Sauton's medium as described previously (Daffk et al., 1983) .
Lipid extraction andpuriJication. The cells were left in CHC13/CH30H (1 : 1, v/v) for 7 d at room temperature to kill them and were extracted twice with CHC13/CH30H (2:1, v/v) for 2d. The crude extract was chromatographed on a Florisil (6&100 mesh) column and elutions were done with CHC13 and CHC13 containing 5, 10 and 50% (v/v) CH30H.
The first chloroformic elutions containing phthiocerol diesters were dried and rechromatographed on a Florisil column. The elutions were done with petroleum ether (b.p. 50 "C) followed by 2,5,10 and 50% (v/v) diethyl ether in petroleum ether. The final purification of individual phthiocerol diester was obtained by preparative thin-layer chromatography (TLC) on laboratory-made plates (0.3 mm thick) using petroleum ether/diethyl ether (9 : 1, v/v; three times) as developing solvent (Table 2 ). The lipid spots were visualized by spraying with a rhodamine B solution (0.01 % in 0.25 M-monosodium phosphate).
The glycolipid-containing fractions, visualized by spraying an anthrone solution (0.2 % in H2S04) followed by heating, were purified as previously described (Daffk et al., 1987) . Hydrolyses. The acid hydrolysis of phenolic mycosides was done with 2 M-HCl at 1 10 "C for 1 h and the resulting phenol phthiocerol and related compounds were isolated as previously reported (Daffk et al., 1987) .
Phthiocerol, phenol phthiocerol and related compounds were obtained by saponification of the corresponding purified lipids in methoxyethanol containing 5 % (w/v) KOH and 12% (v/v) H 2 0 at 110 "C for 2-3 h (Daffk et al., 1983). Fatty acids and alcohols were extracted by diethyl ether, and diazomethane (in diethyl ether) was used to methylate fatty acids. Further separations were made by TLC (Table 2 ) and the compounds were identified by mass spectrometry (Daffk et al., 1984) .
Miscellaneous analytical techniques. Gas-liquid chromatography GLC of fatty acid methyl esters was done using a Girdel G-30 chromatograph equipped with a 25 m WCOT OV-1 capillary column; the temperature range was 170-280 "C (2 "C min-l). automatic polarimeter model 141.
Ph th iocerol der iva t ives in myco bacteria
RESULTS AND DISCUSSION
Among the 28 mycobacterial species studied for their wax content, only strains belonging to eight species contained phthiocerol diesters, phenolic mycosides and related compounds ( (Etemadi & Convit, 1974; Young, 1981 ; Draper et al., 1982; Minnikin et al., 1985b) are devoid of methoxymycolates. However, not all of the eight species contained different types of waxes based on the phthiocerol or the phenol phthiocerol classes (Table 3) . Therefore, simple TLC of crude lipids (Table 2 ) may allow useful distinctions among mycobacterial species exhibiting the same mycolate pattern. An alternative method has been developed for the extraction and the analysis of these characteristic lipids (Dobson et al., 1985) .
The structural data we obtained (Tables 3 and 4 On the basis of the optical rotation of the fatty acids esterifying the phthiocerol and related compounds, two groups of waxes were distinguished (Table 4) . M . ulcerans and M . marinum synthesized phthioceranic acids whereas the other species produced mycocerosic acids. However, the synthesis of a particular type of polymethylated-branched-chain fatty acids is apparently not governed by the growth conditions because M . ulcerans, M . marinurn and M . leprae grow on cooler superficial portions of the body (Pattyn & Portaels, 1981) but synthesize fatty acids having opposite absolute stereochemistry (Table 4) . Based on our data, the term 'phthiocerol diesters' may be used in place of 'phthiocerol dimycocerosates' to designate both phthiocerol mycocerosates and phthiocerol phthioceranates.
According to their wax content, M . tuberculosis, M . bovis and M . africanum seem to belong to the same species, namely 'the tubercle bacillus' as previously suggested (Grange, 1982) , confirming our earlier report on their fatty acid profile (Daffk et al., 1983) . The same conclusion is valid for M . kansasii and M . gastri, which were found to exhibit similar cytoplasmic antigens (Stanford & Grange, 1974) as well as a number of shared biochemical properties (Wayne & Kubica, 1986) and identical fatty acid content (Daffk et al., 1983) . Since M . gastri, in contrast to M . kansasii, does not seem to be the aetiological agent of a disease (Wayne & Kubica, 1986) , the occurrence of phthiocerol diesters and related compounds may not be an important factor for the pathogenicity of mycobacteria. This is in agreement with the findings of Goren et al. (1974) .
Since the lipid content of a given species is of taxonomic value (Jenkins, 1981; Minnikin, 1982; Daffk et al., 1983; and reflects genomic differences between species, lipid patterns should be included in mycobacterial species descriptions and in numerical 
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+ taxonomy (in adequate forms yet to be defined). A type strain should exhibit the greatest number of characters of the strains belonging to the same species. However, phenolic glycolipids were not observed in all strains of a given species, including some type strains (Table 5) . Furthermore, the type strain of M . marinum (ATCC 927) did not accumulate either mycoside G or phthiocerol diesters. Thus, it will be interesting to examine the lipid content of the available representative strains of M . tuberculosis, M . bovis and M . marinurn, from a range of sources and grown under different conditions, to determine whether the type strains have lost the ability to produce these lipids due to repeated laboratory subculturing or if the genetic information for the biosynthetic pathway of aromatic-substituted phthiocerol belongs only to one class of strains. In this latter alternative, it would be important to define neotypes.
Recently, phenolic glycolipids were found to be specific mycobacterial antigens allowing unequivocal identification of relevant species (see Brennan, 1983) . A surface location therefore seems probable. In spite of discrepancies concerning their role in the modulation of host cellular immunity (Brennan, 1983 , Brett et al., 1984 , these high-Mr lipids might protect the mycobacterial cell from host enzymes because of the presence of several methyl branches in phthiocerol diesters and related compounds.
